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1. IETT.RODUCTIOIJ 

l ios t  of  t h e  o r i g i n a l  o b j e c t i v e s  o f  the f i r s t  phase 01 t h e  p r e s e n t  

program have been m e t .  The o b j e c t i v e s  were: ( 1 )  t o  s t u d y  t h e  parame- 

t e r s  a l f e c t i n g  t h e  pcrfornlance o f  hydrogen-oxygen f u e l  C F ~ ~ S ,  ( 2 )  t o  

s t u d y  doped s i l ve r  o x i d e  e l e c t r o d e s  t o  i n c r e a s e  t l ieir  c a p a c i t y  on tlic 

f i r s t  s i l v e r  p l a t e a u ,  ( 3 )  t o  s t u d y  t l ic f e a s i b i l i t y  of  hydrogen s torage  

c r i t h i n  a p a l l a d i u m  e l e c t r o d e  for p o s s i b l e  u s e  i n  n h y d r o g c n - s i l v e r  

o x i d e  h y b r i d  f u c l  c e l l ,  and ( 4 )  t o  s t u d y  c e r t a i n  r a d i o a c t i v e  doped 

e l e c t r o d e s  f o r  u s e  a s  oxygen e l e c t r o d e s .  

TXie i n d i v i d u a l  e i f c c t s  on hydrogen and oxygen c l e c t r o c ' e s  have been  

de tc rmincd  f o r  p r e s s u r e ,  t empera tu re ,  and e l e c t r o l y t e  p u r i t y ,  and t h e  

c f f e c t s  o f  mixed p l a t i n u m - p a l l a d i u n  c a t a l y s t s  have b e e n  c 'etermined For 

t h e  hydrogen e l e c t r o d e .  I n  t h e  l a t t e r  e x p e r i m e n t s  i t  w a s  shown t h a t  

n i x e d  c a t a l y s t s  a r e  b e t t e r  t h a n  c i t l i e r  c a t a l y s t  a l o n e ,  c s p e c i a l l y  a t  

l i igl icr  c u r r e n t  d e n s i  t i e s .  

S i l v e r  o x i d e  and t en  d i f f e r e n t  doped s i l v e r  o x i d e s  were t e s t e d  f o r  

e l e c t r i c a l  r e s i s t i v i t y .  hfangancse, and e s p e c i a l l y  c o b a l t ,  showed a 

s i g n i f i c a n t  l ower ing  o f  the  r e s i s t i v i t y  of  s i l v e r  o x i d e .  These two 

doped o x i d e s  were tlicu cor?iparcd with t h e  untloped o x i d e  and i t  was 

shown t h a t  M i - t h  c o b a l t  a s m a l l  b u t  d e f i n i t e  improvement n v o r  pvrc  si lver  

o x i d e  cnii be  r c a l i z c d .  

7 7  p e r c e n t  o i  t h e o r e t i c a l  havc been acil icvcd on t h e  f i r s t  p l a t c a u .  

S i l v e r  o s i d e  e l e c t r o d e  c a p a c i t i e s  3 s  h i g h  a s  

The E c a s i b i l i t y  o f  l iydrozcn s t o r a g e  wit!; ;?.  a p a l l a d i u m  e l e c t r o d e  
2 

was dcmons t r a t cd .  Even when charged a t  155 r!m/cn the liydrogen i s  

abso rbed  i n t o  Lhc e l e c t r o d e  a lmos t  a s  f a s t  a s  i t  i s  forried,  and 67 

p e r c e n t  can b e  r ecove red  c l  c c t r o c h e m i c a l l y  w l l e n  d i s c h a r g e d  a t  t h a t  r a t e .  

C l o s e  t o  t h e  t h e o r e t i c a l  amount of  hydrogen Tms abso rbed ,  b u t  i t  was 

3310-4-2 1 



no t  shown d i e t h e r  t h e  l i n i t a t i o n  h e r e  w a s  due t o  t h e  p a l l a d i u m  o r  t o  

t h e  c a p a c i t y  o i  t h e  s i l v e r  o x i d e  c l e c t r o d c .  

The re  was no d e f i n i t e  c o r r e l a t i o n  siiown between t h e  r a d i o a c t i v e  

doped s i l v e r  e l e c t r o d e s  and the c o n t r o l .  The p r e s e n t l y  used p l a t i n u m  

c a t a l y z e d  po rous  n i c k e l  e l c c t r o d e s  have less  p o l a r i z a t i o n  t h a n  a n y  

of  t h e  s i l v e r  e l e c t r o d e s  and f o r  tha t  r e a s o n  no f u r t h e r  work w i t h  t h e  

r a d i o a c t i v e  e l e c t r o d e s  i s  a n t i c i p a t e d .  

Phase 11 o f  the  program, concerned w i t h  s i n g l e  c e l l  deve lopmrn t ,  

i s  u n d e r  way. The i n i t i a l  s t u d i e s  a r c  concerned v i t l i  i n c r c a s i n g  t h e  

amount o f  s t o r e d  e l e c t r o l y t e .  A c e l l  l ias been des igned  and c o n s t r u c t e d  

whicli h a s  a major  amount o f  s t o r e d  e l e c t r o l y t e  bcliind t h e  e l c c t r o d e s .  

I n i t i a l  r e s u l t s  w i t l i  the c e l l  liave been successftil. 

3 3 10 -Q- 2 2 



2. HYDROGEN AND OXYGEN ELECTRODE STUDIES 

The  e f f e c t s  o f  s e v e r a l  f a c t o r s  which might i n f l u e n c e  e l e c t r o d e  

performance of hydrogen-oxygen f u e l  ccl1.s have been  s t u d i e d .  A l l  hydro-  

gen e l e c t r o d e s  and a l l  oxygen e l e c t r o d e s  cxccp t  t h o s e  f o r  t h e  r a d i o a c t i v c  

s t u d i e s  were porous  n i c k e l  c a t a l y z e d  w i t h  p l a t i n u m  ( o r  a p l a t inum-  

p a l l a d i u m  r i i x t u r c  i n  most c a s e s )  as  d e s c r i b e d  i n  a p r e v i o u s  r e p o r t  

(Ref .  1) .  

The  method of n e a s u r i n g  i n d i v i d u a l  e l e c t r o d e  p o l a r i z a t i o n s  t ias  a l s o  

d e s c r i b e d  i n  tlie above-mentioned r e p o r t .  I t  shou ld  be b o r n  i n  mind 

t h a t  t h e s e  neasu remcn t s  i n c l u d c  ohnic  r e s i s t a n c e .  F o r  a l l  liydrogen 

e l e c t r o d e s  r e p o r t e d  i n  t h i s  s e c t i o n ,  tlie p o l a r i z a t i o n s  r e f e r  t o  t h e  

p o t e n t i a l  o f  t h e  working e l e c t r o d e  minus t h e  p o t e n t i a l  o f  a n  e x a c t l y  

s imilar  e l e c t r o d e  i n  t h e  same s o l u t i o n .  For  t h e  oxygen e l e c t r o d e s ,  

however,  t h e  i r r e v e r s i b l e  n a t u r e  of t h a t  e l e c t r o d e  p r e c l u d e s  i t s  u s e  

a s  a r e f e r e n c e  e l e c t r o d e  and i n  a l l  c a s e s  a r e f e r e n c e  e l e c t r o d e  O F  

Ag20 was used .  

e l e c t r o d e  d o  no t  r e p r e s e n t  t h e  oxygen e l e c t r o d e  p o t e n t i a l  minus t h e  

Ag 0 p o t e n t i a l .  The h y p o t h e t i c a l  r e v e r s i b l e  oxygen e l e c t r o d e  p o t e n t i a l  

i s  1 . 2 2 9  v o l t s  a t  25 and tlie r e v e r s i b l e  Ag 0-Ag p o t e n t i a l  i s  1 . 1 7 2  

v o l t s  ( R e f -  2 ) .  T!?e pstcntials of A g  S vs .  n 2  atid 0 are  pki 

i ndependen t  e x c e p t  a t  v e r y  h i g h  e l e c t r o l y t e  c o n c e n t r a t i o n s  where t h e  

n ~ t i v ; + - ?  & --J cf thc ~ o l i i e i i t  d e v i a t e s  s i g n i f i c a n t i y  from u n i t y .  The hypo- 

t i l e t i c a l  r e v e r s i b l e  p o t e n t i a l  o f  an  a c t u a l  c e l l  w i l l  a l s o  be a weak 

f u n c t i o n  o f  t h e  g a s  p r e s s u r e s  and the t e m p e r a t u r e ,  b u t  t o  a good 

a p p r o x i m a t i o n ,  under t h e  c o n d i t i o n s  p r e v a i l i n g  i n  t h e s e  expe r  i m e i i t s  , 
t h e  r e v e r s i b l e  oxygen p o t e n t i a l  ( h y p o t l i e t i c a l )  w i l l  b e  a b o u t  0.06 v o l t  

h i g h e r  t h a n  t h a t  € o r  Ag 0.  It becomes conven ien t  t h c n  t o  s u b t r a c t  t h i s  

ariount from t h e  measured v a l u e  o f  the 0 (working) e l e c t r o d e  minus t h e  

A g  0 ( r e f e r e n c e )  c l e c t r o d e  and g ive  p l o t s  vliicli t o  a c l o s e  approx ima t ion  

But t h e  v a l u e s  r e p o r t e d  i n  t h i s  s e c t i o n  f o r  t h e  oxygen 

0 
2 

2 
7 ,  v s .  H 2 2 2 

2 

2 

2 
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r e p r e s e n t  t h e  e x t e n t  o f  p o l a r i z a t i o n  of t h e  oxygen e l e c t r o d e s .  The 

r e s u l t s  p r e s e n t e d  i n  t h i s  way a r e  c o n s i s t e n t  w i t h  t h e  h y d r o ~ e n  e l e c t r o d e  

p o l a r i z a t i o n ,  i . e , ,  t h e  sum of  t h c  two e l e c t r o d e  p o l a r i z a t i o n s  p l u s  

t h e  c e l l  p o t e n t i a l  i s  i n v a r i a b l y  1 . 2 3  v o l t s  t o  w i t h i n  t h e  a c c u r a c y  o f  

t h e  neasu remen t s .  

2 . 1  P r e s s u r c  Dependence 

P r e s s u r e s  were v a r i e d  from 50 t o  95 p s i g  i n  t h e s e  expe r imen t s .  

I n  t h i s  r ange ,  t h e  p e r f o r m i i c e  of t h e  hydrogen e l e c t r o d e  i s  independent  

o f  g a s  p r e s s u r e .  The oxygen e l e c t r o d e ,  however, v a r i e s  s i g n i f i c a n t l y  

w i t h i n  tliis r a n g e .  Tile r e s u l t s  a r e  shown i n  F i g .  1. The oxygen 

e l e c t r o d e  was porous  n i c k e l  with 15 me Pt / cm . 2 

In a d d i t i o n  t o  tiic e f f e c t  o f  t o t a l  p r e s s u r e ,  i t  h a s  a l so  been 

found t h a t  oxygen e l e c t r o d e s  a r e  more  s e n s i t i v e  t o  l l o o d i n g  t h a n  a re  

hydrogen e l e c t r o d e s .  I f  t l i e  g a s  p r e s s u r e  a t  e i t h e r  s i d e  i s  

i n c r e a s e d  o v e r  t h a t  a t  t h e  o t h e r ,  t h e n  t h e  e l e c t r o d e  a t  t l i e  l o w  I 

p r e s s u r e  s i d e  b e g i n s  t o  s;iow scvc re  c o n c e n t r a t i o n  p o l a r i z a t i o n .  Thc 

hydrogen  e l e c t r o d e  c a n  t o l e r a t e  a d i r f e r e n t i a l  o f  1 t o  2 p s i  w h i l e  tlie 

oxygen e l e c t r o d e  c a n n o t .  I n  f a c t ,  t l ie  oxygen e l e c t r o d e  o f t e n  works 

b e s t  i f  tllc oxygen p r e s s u r e  i s  about  1 p s i  h i g h e r  t h a n  t h e  hydrogen 

p r e s s u r e .  These r e s u l t s  are  presumably due t o  f l o o d i n g  and tlie d i f f e r e n c e  

i n  b e h a v i o r  of  t h e  two e l e c t r o d c s  l i k e l y  r e f l e c t s  t h e  lower d i f f u s i o n  

r a t e  th rough  t h e  e l e c t r o l y t e  f i l m  f o r  oxygen. 

2 . 2  Temperature  Dependence 

P o l a r i z a t i o n  s t u d i e s  were nade a t  2 8 O ,  49' and G 8 O C .  The 

r e s u l t s  a r c  g i v e n  i n  F i g .  2 .  T h e  t empera tu re  measurements were madc 

w i t h  a c h r o n e l - a l u n e l  t h e r n o c o u p l e  whose j u n c t i o n  vas a t  t!ie c e n t e r  o f  

t h e  f u e l  c e l l  and a b o u t  a m i l l i m e t e r  behind t h e  oxygen e l e c t r o d e .  T h e  

oxygen e l c c t r o d e  was s i m i l a r  t o  the  one d e s c r i b e d  i n  S e c t i o n  2 . 1  and 

tlic hydrogen e l e c t r o d e  t ias  a mixed c a t a l y s t  e l e c t r o d e  a s  d e s c r i b e d  i n  

S e c t i o n  2.3. 

t o t a l  o f  10 rng/cm2 of  m e t a l l i c  c a t a l y s t .  

The m i s t u r e  was 50 p e r c e n t  P t ,  50 p e r c e n t  Pd witl i  a 

I t   ill be noted t h a t  t h e  roon  t e m p e r a t u r e  p o l a r i z a t i o n  o f  

t h e  hydrogen e l e c t r o d e  i s  somewhat g r e a t e r  t h a n  t h a t  f o r  t h e  c o r r e s p o n d i n g  

3 3  10-4-2 4 
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e l e c t r o d e  r e p o r t e d  i n  S e c t i o n  2 . 3 .  Some of tlie e l e c t r o d e s  17erc used 

i n  a g r e a t  many expe r imen t s  and i t  h a s  b e e n  obse rved  t h a t  t h e s e  

e l e c t r o d e s  d c t c r i o r a t c  s l o w l y  w i t h  h a n d l i n g ,  i . c .  , b e i n g  t a k e n  i n  and 

o u t  o f  a c c l l .  A l l  r e s u l t s  sliown i n  tliis r e p o r t  a re  Lor scr ies  o f  

c x p e r i m e n t s  r u n  w i t h i n  a s  s h o r t  a pe r iod  as p o s s i b l e  so tliat a l l  

v a r i a b l e s  could bc c o n t r o l l e d  a s  a c c u r a t e l y  a s  p o s s i b l c .  Rcproducc- 

a b i l i t y  i s  u s u a l l y  good between i d c u t i c a l  c x p e r i m c n t s  r u n  c l o s e  t o g e t h e r  

i n  t ime  . 
A 1  though t h e s e  e l e c t r o d c s  de  t e r i o r a t e  gradua 1 l y  w i t h  hand 1 i n g  , 

t h c r e  i s  good cv idencc  tliat t h a y  are s t a b l e  w i t h  t i m e ,  i f  t h e y  rcmain 

w i t h i n  t h e  c e l l .  

2 . 3  E f f e c t  o f  Flixcd C a t a l y s t s  

Fo r  iiydrogen e l e c t r o d c s  i t  h a s  been  d i s c o v e r e d  t!iat mixed 

p l a t inum-pa l l ad ium c a t a l y s t s  arc s u p e r i o r  t o  e i t h e r  c a t a l y s t  a l o n e .  A 

s t u d y  was madc i n  wliicli tlie r a t i o  o f  p l a t i n u m  t o  p a l l a d i u m  was v a r i e d  

s y s  t e m a  t ica1 l y  . The r e s u l t s  o f the  e l e c t  r o d e  p o l a r i z a t i o n  c h a r a c  t c r i s -  

t i c s  a re  shown i n  F i g .  3 f o r  t h e  d i s c h a r g e  p r o c e s s  and i n  F i g .  4 f o r  t h e  

c h a r s e  p r o c c s s .  The p r e s s u r e s  were v a r i e d  between 50 and 95 p s i g  b u t  

t h e  c u r v e s  i n  a l l  c a s c s  were c s s e a t i a l l y  i d e n t i c a l  t o  t h e  ones shown 

I i e re .  

It  i s  a p p a r e n t  t h a t  t h e  optimum r a t i o  o c c u r s  a t  abou t  59 p e r c e n t  

p l a t i n u m  and 50 p e r c c n t  p a l l a d i u m ,  b u t  no e x p l a n a t i o n  f o r  tliis 

o b s e r v a t i o n  con b e  advanced a t  t h i s  time. Tlicre vas, however, one 

f a c t  no ted  i n  c o n n e c t i o n  w i t h  e l e c t r o d e s  p l a t e d  w i t h  t h e  n ixcd  c a t a l y s t s .  

Tliey a r e  v i s i b l y  b l a c k e r  t h a n  e l e c t r o d e s  w i t h  o n l y  one c a t a l y s t  and 

t!ieir enhanced a c t i v i t y  may b e  a s s o c i a t e d  w i t h  the manner i n  17hich t h e  

a c t i v a t i n g  n c t a l  p l a t e s  o u t .  Thus,  tlie c o p l n t i n g  o f  p a l l a d i u m  a l o n g  

w i t t h  p l a t i n u m  ni,o,ht r c s u l t  i n  a f i n e r  p a r t i c l e  s i z e .  

The re  has no t  y e t  been  a co r re spond ing  sc r ics  of  cxpe r imcn t s  

riade w i t h  oxygcn e l e c t r o d e s ,  b u t  p r e l i m i n a r y  o b s c r v a t i o u s  on o v e r a l l  

c e l l  p o t e n t i a l  (madc i n  a c e l l  wit!iout r e f e r e n c e  e l c c t r o d e s )  would 

i n d i c a t c  t h a t  t h e  e f f e c t  l w r c  i s  m i n i n a l .  

3310-4-2 7 
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Tlw p l a t i n g  i t s e l f  i s  acconpl is l ied by t h e  method d e s c r i b e d  

p r e v i o u s l y  (Ref .  l ) ,  b u t  t h e  p l a t i n g  s o l u t i o n  i s  a m i x t u r e  of  II P t C l  

and PdC12. 

c a s e  e x c e p t  f o r  t h e  e l e c t r o d e  w i t h  pa l l ad iuc i  a l o n e ,  tdi ich had i . 7  rig/ 

7. 6 2 The amount o f  me ta l l i c  c a t a l y s t  t o t a l e d  10 mg/cn i n  e v e r y  

2 c m  . 
2.4 E l e c t r o l y t e  P u r i t y  

Tlie r c a g e n t  Zrade KO11 used i n  t h e s c  e x p e r i m e n t s  c o n t a i n s  

euou$i c a r b o n a t e  t i m t  a 35 p e r c e n t  s o l u t i o i i  ~ m d e  from water Lrec frc)li>L 

CO has a CO= c o n c e n t r a t i o n  o f  about  0.932 E;. C e l l s  w i t h  tlic l e a s t  

p o l a r i z a t i o n  have been o b t a i n c d  us ing  an e l e c t r o l y t e  f r e e  from c a r b o n a t e .  

I n  o r d e r  t o  remove t h e  c a r b o n a t e  i o n  from the e l e c t r o l y t e ,  Ba(OII)2 

i s  added,  which p r c c i p i t a t c s  ca rbona te  as  BaCO T h i s  i s  al lowed t o  

s c t t l c  and t h e  s o l u t i o n  i s  used f r o n  the t o p .  In ordc.r  t t l  a s c e r t a i n  

tlie e f f e c t  of an e x c e s s  o f  e i t h e r  ~a* o r  C O =  

p e r f o r n e d  i n  which v a r i o u s  1;novn c o n c e n t r a t i o n s  oE Ba* o r  CO= were 

p r e s e n t .  T h e  r e s u l t s  are  shown i n  F i g .  5 .  

2 3 

3' 

e x p e r i m e n t s  were 3' 

3 

Tlie expe r imen t s  w r e  run s e v e r a l  t i m e s ,  and a l t h o u g h  tlie 

c u r v e s  of  F i g ,  5 a r e  tlie most n e a r l y  t y p i c a l  oL any  s c i t  o f  expe r imen t s ,  

f a  c t o  r s o tli e r t 1 i an  e 1 e c t r o 1 y t e 1) u r  i t y i n  f 1 uc nc e r e p r od u ce  ab i 1 i t  y w it 11 

t h e  r e s u l t  tliat only a few r e a l  c o n c l u s i o n s  can b e  drawn a t  t h i s  t i m e .  

The f o l l o w i n g  c o n c l u s i o n s  f o r  t h e  d i s c h a r g e  p r o c e s s  can  be  drawn: 

1. !ii& c o n c e n t r a t i o n s  o f  c a r b o n a t e  ion a lways  cause a 

c o n s i d e r a b l e  i n c r e a s c  i n  p o l a r i z a t i o n  a t  the hydrogen e l e c t r o d e .  

2 .  For tlie hydrogcn e l e c t r o d e  tiicre is  no c o n s i s t e n t  c l i i f e r -  

e n c c  between 0 . 2 3  N Ea-+, 0.032 PI BaH,  and 0.032 $1 CO=,  b u t  t h e  "pure" 

e l e c t r o l y t e  i s  g e n e r a l l y  a l i t t l e  b e t t e r .  
3 

3 .  For tiic oxygen e l e c t r o d e  0 . 6 4  1.1 CO= a l u a y s  c a u s e s  tlie 3 
g r e a t e s t  i n c r e a s e ,  fol lowed by 0.29 PI Bai-l0 

2 4 .  In tlic c u r r e n t  d e n s i t y  range o f  about  60 t o  100 m / c m  , 
tile oxyzen e l e c t r o d e  c o n s i s t e n t l y  opera tes  b e s t  t d i t l i  a s l i g h t  e x c e s s  

O €  b a r i u n  i o n ,  and t h c  s l o p e  o f  tile cu rve  i n  t h i s  r e g i o n  i s  u n c x p l a i u -  

a b l y  s m a l l .  

3310-4-2 10 
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2.5 R a d i o a c t i v e  E l e c t r o d e s  

Four  s i n t e r e d  s i l v e r  e l e c t r o d e s ,  made from 100-200 m e s l i  s i l v e r  

powdci- and c o n t a i n i n g  a s i l ve r  s c r e e n  f o r  s t r e n g t h ,  were m a d e  up f o r  

e v a l u a t i n g  r a d i o a c t i v c  c l c c t r o d e s  f o r  o::j7gcn. Three  were s e n t  t o  

Yardncy E l c c t r i c  Coripauy wllcre two of  them were doped with Po , a n  

% c n i t t e r .  Tile t l i i r d  was doped w i t h  a 3 e m i t t e r .  The f o u r t h  

e l c c t r o d c  w a s  savcd f o r  a c o n t r o l .  A l l  f o u r  were t e s t c d  as oxygen 

e l e c t r o d e s  i n  n hydrogen-oxygen c e l l  a t  room t e m p e r a t u r e  and a t  70 C .  

No d e f i n i t e  c o r r e l a t i o n  'oeiwecu r a d i o a c t i v i t y  and e l e c t r o d e  p o l a r i z a t i o n  

w a s  d c n o n s t r n t e d .  The r e s u l t s  a r e  shown i n  F i g s .  6 and 7 ,  t oge t : i e r  

w i t h  one of  o u r  p r e s e n t l y  used p l a t inum b lacked  e l e c t r o d e s  f o r  c o n p a r i -  

s o n .  

210 

0 

3 31 0-Q -2 

I n  F i g s .  G and 7 the. e l e c t r o d e  d e s i g n a t i o n s  are a s  follows: 

S I -  1 S i n t e r e d  s i l v e r ,  doped w i t h  Pm 

S I - 2  S i n t e r e d  s i l ve r ,  doped w i t h  Po 

S I - 3  S i n t e r e d  s i l v c r ,  doped  w i t h  Po 

SI-G S i n t e r e d  s i l v e r ,  undoped 

x-13 Porous  n i c k e l ,  p l a t inum c a t a l y z e d  (15 mg/cm ) 

I47 
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3 .  ELECTROLYTE STORAGE EXF'ERIIIEIJTS 

A ne\/ c e l l  has bcen des igned  and c o n s t r u c t e d  f o r  capacit :r  c x p c r i -  

ments .  

hydrogen-oxygen system quic1:ly r c v c a l s  t h a t  t h i s  r a t i o  w i l l  be  linitcrl 

more by  t h e  amount of s t o r e d  c l c c t r o l y t c  t h a n  b y  t h c  v c i g h t  o f  t h e  gas  

s t o r a g e  c y l i n d e r s .  I n  a71 c e l l s  s t u d i e d  t o  da t e  i n  this l a b o r a t o r y ,  

t h e  o n l y  e l e c t r o l y t e  s to raqe  has been between tlie e l e c t r o d e s .  Tl ic  new 

c e l l ,  s l i o ~ m  i n  F i g u r e  3. i s  des igned  t o  allow e l e c t r o l y t e  s torage  

behind tiie e l e c t r o d e s .  Tlic gas  €or each e l c c t r o d c  i s  b rough t  up 

th rough  a ho le  i n  t h e  c l c c t r o l y t c  s t o r n g c  bed  t o  a s c r e e n  i r lmediately 

bcliind the e l e c t r o d e .  Tlie gas p o r t  s l e e v e s  s c r v e  a t r i p l e  f u n c t i o n .  

Tlicy a l l o w  gas passage  up t o  t h e  n i c k e l  s c r c c n ,  wllere t h e  [,as i s  tiicn 

d i s p e r s e d  a c r o s s  tlic e n t i r e  back o f  t h e  e l c c t r o d c ,  t h e y  naLe c l c c t r i c a l  

c o n t a c t  t o  tlic e l e c t r o d e ,  and they  de te rmine  t h c  s p a c i n g  ( a t  l e a s t  a t  

two p o i n t s )  b e t v e c n  t h e  e l e c t r o d e s .  

An a n a l y s i s  o €  t h e  ene rgy  s t o r a g e / w e i g h t  c a p a b i l i t i e s  o f  tiie 

Tlic s t o r a g e  beh ind  t l ie hydrogen e l e c t r o d c  was made t w i c e  a s  much 

a s  t h a t  behind t h e  oxygen e l ec t roc l c  because  a c o n s i d e r a t i o n  o i  tlic 

i n d i v i d u a l  e l e c t r o d e  r e a c t i o n s  shows iiia'i twice z s  m x h  wztcr i s  

consumed o r  produced ( f o r  t h e  charge o r  d i s c h a r g e  p r o c e s s ,  r e s p e c t i v e l y )  

a t  t h e  hydrogen e l e c t r o d e  a s  a t  the oxygen e l e c t r o d e .  These e l e c t r o d e  

r c a c t i o n s  a rc  

and 

3310-4-2 

d i s ch ar  e 
+ 2 OH- <; 2 II20 + 2c- 

cha rge  
I1 2 

- d i s c h a r g e  

2e + 25 O2 + H20 < 2 OH- 
cha rge  

3.5 



Thc f i r s t  exper iment  w i t h  t h i s  new c e l l  i s  now in p r o g r e s s .  A 

3o-hour cha rge  a t  20 n a / c n  5as  bccn complcted an6 t h e  cell i s  now 

b e i n g  d i s c h a r g e d  at t h e  same c u r r c n t  d e n s i t y .  

30-hour c h a r g e ,  the  c c l l  v o l t a g e  rose g rad i in l ly  f r o m  1 .62  t o  1 . 7 3 .  

2 

During the cour se  of t h e  
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4 .  SILVER OXIDE ELECTRODE STUDIES 

I n  o r d e r  t o  improve tiic p o l a r i z a t i o n  c l i a r a c t c r i s t i c s  and c a p a c i t y  

on tlic f i r s t  c h a r z i n g  p l a t e a u  of a s i l v e r  ox ide  e lcc t rcde ,  e x p c r i r x n t s  

viere conducted on t h c  e f f e c t  of dopin2 t h c  s i l v e r  o x i d e .  The re  i s  

e v i d c n c e  t h a t  t h e  c a p a c i t y  on the f i r s t  p l a t e a u  i s  l i m i t e d  by t h e  hi$i 

r e s i s t i v i t y  of A,g23.  Thus,  a p r e v a l e n t  t h e o r y  t o  a c c o u n t  f o r  t h c  Iact 

tiiat much l e s s  t i ian tlle t i l e o r e t i c a l .  cha rge  i s  nccep tcd  on t h e  f i r s t  

p l a t c a u  i s  a s  follows: o:;idation of A!; t o  Ai: 9 o c c u r s  o n l y  on t;ie 

sui-fncc,  and w!icn tiic s u r f a c e  o f  the e l e c t r o d e  bccones  comple t c ly  

covci-ed by  t h e  h i g h  r e s i s t a n c e  2 i l n  of Ag 0 ,  t!leiI AS 0 i s  o x i d i z c d  t o  

AZO and the p o t e n t i a l  oi tlic e l e c t r o d e  i n c r e a s e s  t o  t h a t  of  t h e  sccond 

p l a t e a u .  E s s e n t i a l l y  a11 o f  t h e  e l - c c t r c d e  can  ~ I J  b e  o x i d i z e d  s i n c c  

tlic AGO fo rned  c a ! ~  i i i c r n a l l y  o x i d i z e  Ag t o  Ag 0 and i t s e l f  !)e rcduced 

t o  Ag 0 .  Thc r c s i s L i v i t y  o f  Ag9 is  r e p o r t e d  t o  b c  Crom seven t o  n i n e  

o r d e r s  o f  n a S n i t u d e  3.css tlia:i tliat o f  AgqO,  o r  a p p r o x i m a t e l y  ,9.31 t o  

10 o'tim-cm ( R e f .  2 )  . T!iat t h ~  liigh r e s i s t i v i t y  o f  Ag 0 i s  r e s p o n s i b l e  

f o r  tiic l i n i t c c l  c a p a c i t y  on tlic f i r s t  p l a t e a u ,  a n d  n o t  s m c  o t l i e r  

f a c t o r  such ;is a v n i  1 a ; ) i l  :?: .  01: e I . ~ c t r ~ i . y t ~ ,  i s  dcmonsirsted b y  soiiic 

o b s e r v a t i o n s  b y  T .  P .  Dir1:sc (Ref .  3 ) .  I t  113s b c c n  ou r  o b s c r v 3 t i o n ,  

3 s  we11 a s  t l ia t  of Dirksc, t h a t  tlie e l c c t r o c l i c n i c a l  a c t i o n  o c c u r s  

out t in rd  f r o u  t l ie g r i d  or, i r ?  t!ic case o f  most oE o u r  c e l l s ,  from tlie 

c o n t a c t  b c t t i c c ~  tiic c l ~ ~ c t r o d c  a n d  tile body o f  t h e  cel .1 a t  t?ic back o f  

tllc e1r:ct rodc.  O n  tlic :):.:idati.on o f  A:, 0 t o  A:.;O, D i r l c s e  !ias t h i s  t o  

s ay ,  "Thus,  t h e  rc:sista!icc of tiic A:: Cl seemed t o  makc i t  c a s i c r  f o r  

AgO t o  ion:i a t  tlic Grid wlicrc t h e  ariount o f  e l e c t r o l y t e  vas  small 

ratlicr tlian a t  t h e  e l c c t r o d c  s u r f a c e  wiwrc t i i c r e  m s  p l e n t y  of c l c c -  

t r o 1 yte" . 
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A program 17as conducted i n  which t e n  s a n p l e s  o f  A:: 0 FJere each  2 
doped  wit!^ 9.5 atom p e r c e n t  o f  a d i p o s i t i v c  clcr?lcut, T h e i r  r c s i s t i v i t i c s  

werc de te rmined  and conpared w i t h  t l iat  of  undoped A,n, 0 .  Then two of  

t h e  b e s t  o f  t h e s e  were s t c d i e d  a s  s i lvcr  x i d c  e l e c t r o d e s  and a g a i n  

comparcd w i t 1 1  t h e  undopcd A 2  9.  

l k . 1  R e s i s t i v i t y  of Doped S i l v e r  0;:idc 

2 

2 

S i l v e r  o x i d c  was doped b y  a c o p r c c i p i t a t i 3 n  method. To a 

neu t r a l .  s o l u t i o n  o f  A$03 atid tile n i t r a t e  of  t;ic i n p u r i t y  m e t a l ,  n 

35 p e r c e n t  KO11 s o l u t i o n  was a d d e d  17liile the  wliole s o l u t i o n  17as b e i n g  

s t i r r e d  w i t 1 1  a m a p i e t i c  s t i r r e r .  The s o l i d  piiasc s ~ ~ l u b i l i t i e s  o f  t h c  

o x i d e s  i n  q u e s t i o n  arc i n  g e n c r a l  iwt 1:1iown, b u t  t l ie aclount of i m p u r i t y  

r.uridc r o m c d  17cWld g i v e  0.Lj p e r c e n t  on  a n  a t o n i c  b a s i s  on tlic assump- 

t i o n  tliat i t s  s o l u b i l i t y  i n  Ag 0 i s  tlia'i g r e a t .  2 
Table I shows r e s i s t i v i . t y  v a l u e s  a t  room t e m p e r a t u r e  f o r  a l l  

s a m p ~ . c s ,  i n c l u d i n g  t h e  undopcc! A? 8. Values  a t  ~ O O ~ C  a r e  a l s o  g i v e n  

f o r  t h e  doped o x i d e s  cxcep t  t he  c o b a l t  dopcd o x i d e ,  where t h c  r c s i . s -  

t i v i t : J  was t n o  low f o r  t:ic I-icasuring a p p a r a t u s  a:id t h e  cadr; iurn and  

mcrcury dopcd o x i d e s ,  \iiiere t:ie samples v~crc b roken .  The roori 

t c rnpc ra tu rc  v a l u e s  Lor tlic Latter two a re  t h e r e f o r e  u n c e r t a i n  3 1 . ~ 0 .  

T h e  samples f o r  Table I wcre prcparcd by  placin!: tlie s l i g h t l y  wet 

o x i d e s  i n  a r u b b e r  c y l i n d c r  a b L ) u t  1 CI:! i n  diaxneter nnc! r : : c r t i y  n 

h y d r o s t a t i c  p r c s s u r c  o f  approx ima te ly  250 p s i .  Tl icy  wcrc t i i cn  d r i c d  

o v c r n i g l i t  a t  100 C and p l a c e d  i n  a d e s s i c a t o r  u n t i l  t h c y  were 

r e a d y  f o r  u s e .  Each sample was 3pprxlr :a te l ;*  2 r'm t!iicl: biit tlicrc iias 

somc v a r i a t i o n  from o ~ t c  t.o a n o t h e r .  

r e p o r t e d  e l scwhcre  t o  : ) c  o f  tile o r d c r  of 13" obi-cri. 

"2 

0 

T i i c  r c s i . s t i v i t ? :  oL A::,O has  !)lien 
0 

( R e f .  2 ) .  

4 . 2  P o l a r i z a t i o n  3;id Capac i ty  o i  S i ? \ r c r  Oxide E l c c t r o d c s  

Charz ing  c u r v e s  on ttic first s i l v c r  p ' a t e n u  a r c  shown i n  

F i g .  9 f o r  s e v e r a l  s i n t c r c d  s i l v e r  e l c c t r o d e s .  T h c  compos i t ions  of 

t h e s e  e l e c t r o d e s  a r c  as f o l l o w s :  

S-2-2 S p h e r i c a l  s i lver  (100-300 m c s l i )  JI- a s b e s t o s  

s - 3  Rancy s i l v c r  

3313-4-2 19 



TABLE I 

1.ia tc r ia 1 

RESISTIVITIES OF DOPED A1.D UIJDOPED Ag20 

Az20 i-9.005 ZnO 

A g  3 i -0.995 Cu9 

Az29 +0.305 P b 0  

2 

As20 -i-0.005 Pd0 

Ag c) i-0.095 F:nO 

Ag20 +0.005 FcO 

2 

Ag20 +0.005 NiO 

0 R , 2 5  C 

1 . 3 0  

3.30 

( 4  .?!I) 

(3 .56)  

1 . 4 6  

1.35 

0.79 

9.19 

0 . 8 1  

0.02 

0 .79  

:k Samples ticre cracked 

R = r e s i s t a n c e ,  10 oiims 

i; = resistivity, 10 elm-cm 

3 

3 

0 9 , 2 5  c 

5 . 2 0  

15.0 

( 2 0 . 0 )  

(2.25) 

6 .30  

5.50 

.It . 40 
9.57, 

4 . 5 0 
0. ;3r, 

3.95  

0 
R , 100°C p,100 c 

0 . 9 3  

0.02 0.09 

0 . 2 1  0.35 

< 3.01 0 . 0 6  

< 3.31. 0 .36  

0.02 0 .  I1 

, 
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S - 4  S i l p o v d e r  No. 130 

S - G  75 p e r c e n t  s i l p o w d e r ,  25 p e r c e n t  carbon 

Each of tlic abovc c l c c t r o d c s  c o n t a i n e d  n s i lve r  s c r e e n  Which 

weighed abou t  1 . 2  p. T h i s  s o l i d  s i l v e r  s c r c e n  o n l y  p a r t i a l l y  e n t e r s  

into t h e  r e a c t i o n ,  with t h e  r r s u l t  t h a t  t h c r c  i s  some u n c e r t a i n t y  i n  

tile r e a c t i v i t y  o f  tlie i i a t c r i a l  under t e s t .  F o r  tliat r e a s o n ,  a l l  o t h e r  

s i l v e r  o x i d e  e l e c t r o d e s  wci-e r u d e  witl iout tile s c r e e n .  

I f  t h c  o x i d a t i o n  of   lie scrcc'ti be assumed n e s l i g i b l e ,  t h e n  i n  

rm-hrs/gm, t h e  c a p a c i t y  of t l ic  S - 3  e l c c t r o d c  rlould b e  3 . 2 6  times as  

g r e a t  as  shown i n  F i g .  3 and i t  would t h e r e f o r e  approach t h e  v a l u e s  

f o r  t h o s e  sliown i n  P i g s .  10 tlirougli 13.  

I n  F i g .  10 ,  a r c  sliown tlic c a p a c i t i e s  and p o l a r i z a t i o n  cliarac- 

t c r i s t i c s  o f  a n  undoped s i l v e r  o x i d e  c l c ' c t rodc .  T h e  c l c c t r o d e  was no t  

ana lyzed  i o r  s i l v e r  c o n t c u t ;  liowever, e l e c t r o d e s  o€ this t y p e  u s u a l l y  

have about  1.1 to 1 .3  ~ I I  of s i l v c r .  

Coba l t  doped s i l v e r  ox ide  e l e c t r o d e s  were compared w i t h  undoped 

s i l v e r  o x i d e .  T h e  r e s u l t s  a r c  shorm i n  Fi::s. 11 and 12 .  Fo r  e x p e r i n c n t ,  

tlie c e l l s  irere d i sc l i a rged  c o n p l c t e l y  Llii-oiyji a 1 ohn res i s tor  and charged 

u n t i l  tlic second s i l v e r  p l a t e a x  was reaclicd.  The s i l v e r  e l e c t r o d e s  

m r c  l a t e r  a n a l y z e d ,  a s i n g  tlie Volliard n e t h o d ,  t o  d e t e r m i n e  the t o t a l  

amount of s i l v e r  p r c s c n t .  

S i n c e  t h e  A€ 0 p a s t c  i s  u s u n l l y  g i v e n  a wash w i t h  t h e  '2 
e l c s ? r o ? y t e  i n  n r d c r  t o  p r e v e n t  pII Z r a d i c i i t s ,  t h e  e f f e c t  o f  plI w i t h i n  

t h e  e l e c t r o d e  was a l s o  cxamincd and i s  Sh@Wi i n  F i g s .  11 and 1 2 .  

F i n a l l y ,  i n  F i g .  13,  the r e s u l t s  01 a charge a t  2 . 5  rui/cn are shown 
2 

n 

L and compared w i t h  t l i n se  a t  40 and 6 4  r m / c m  . T h e  e l e c t r o d e  Iwtcrial 

a g a i n  was c o b a l t  doped. Sone e x p c r i n c n t s  w i t h  manganese doped s i l v e r  

o x i d c  were p e r f o r n e d  b u t  t h e y  seelied to o [ f e r  no inpruvenieiit o v e r  tile 

undopcd o x i d e .  
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5. HYDROGEN STOWGE I N  PALTADID1 

A h y d r o g c n - s i l v e r  o x i d e  f u c l  c e l l  w ) u l d  be e s p e c i a l l y  a t t r a c t i v e  

i f  t h e  hydrogen were s t o r e d  w i t h i n  tlic e l cc t roc l c .  A hybr id  f u c l  c e l l  

would t l ien be  o b t a i n c d ,  s i n c e  t h e  liydrogcii e l e c t r o d e  would b c  non- 

consumable,  2nd i n  t h i s  ca se ,  t h e r e  v o u l d  b c  no gas p r e s s u r e  s t o r a g e .  

A liydrogcn c l c c t r o d c  was f a b r i c a t e d  11y s i n t e r i n g  p a l l a d i u n  powder 

o n t o  a f i u c  p l s t i i i u n  s c r c c n .  A pnlladiiini b l ack  c a t a l y s t  was a p p l i e d  

by t l i e r r m l l y  decoixposiilg F X I ,  at 5 X ° C  0 1 1  tile s i u t e r c d  p a l l a d i u n  

e l e c t r o d e .  About 7 . 5  rig Pd/cm 17as a p p l i e d  i n  tliis nanner .  P r e s s u r e  

was rnonitorcd con t inuo i i s ly  w h i l e  a h y d r o g e n - s i l v e r  uxidc c e l l  vas 

charged a l o n g  the f i r s t  s i l v e r  p l a t e a u ,  u s i n g  the  s i n t e r e d  p a l l a d i u m  

f o r  tlie hydrogen c l c c t r o d e .  T l i c  ob j c c t  was t o  dc t e rmine  p o l a r i z a t i o n  

c h a r a c t e r i s t i c s  and tlie r a t e  of p r e s s u r e  b u i l d - u p  wi t l i i n  tlic c e l l .  

-2 

The r e s u l t s ,  shown i n  F i z u r c  14 , v e r c  g e n e r a l l y  v e r y  s a t i s l a c t o r y .  

It c a n  bc  seen t h a t  t h e m  was a v e r y  s l i g h t  i n c r e a s e  w i t h  t i m e  f o r  tlic 

t h r e e  I i i ghes t  c h a r g i n g  r a t c s ,  t h e  gage p r e s s u r e  vas always n e g a t i v e  

e x c e p t  Cor t h e  155 n a / c n  r a t e .  A t  tlic end o f  t h e  l a t t e r  cha rge  t h e r c  

vas a p o s i t i v e  gage p r e s s u r e  o €  about  3 p s i .  'rhc rensoll  For t h c  neg3- 

t i v e  p r e s s u r e s  i s  t h a t  tlic hydrogen s i d e  o f  t h e  c e l l  \ a s  swcpt w i t l i  

hydrogen ,  i n  t h e  u s u a l  n a n n c r ,  beEore each riin and t h i s  was t h e n  quic1:ly 

abso rbed  by the pa l l ad ium.  

2 

T h e  c e l l s  wcrc d i s c h a r g e d  a t  t h e  s a n e  r a t c s  a t  which t h e y  had 
2 

p r e v i o u s l y  been  cha rgcd .  The amp-hour r a t i o  a t  40 m / c m  FJSS 35 p e r c e n t ;  

a t  80 i t  was 87 p e r c e n t ;  a t  124 i t  was 75 p e r c e n t ;  and a t  155 ma/cn 

tlie r a t i o  was 67 p e r c e n t .  T h e  n u r h e r  o €  ria-liours o b t a i n e d  on d i s c h a r g e  

was 180, 226, 258, and 104 r e s p e c t i v e l y ,  The we igh t  o f  p a l l a d i u m  

(minus t h e  p l a t i n u m  s c r e e n )  w a s  1.393 gm. klowevcr, i t  was ;lot shown 

2 
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t h a t  t h e s e  i i g u r e s  r c p r c s e n t e d  t h e  c a p a c i t y  of  t h e  p a l l a d i u n  o r  t h e  

c a p a c i t y  of t h e  s i l v e r .  

F o l a r i z a t i o n  c h a r a c t e r i s t i c s  w r c  abou t  normal f o r  a hydrogen  

e l e c t r o d e  c a t a l y z e d  wit!i pu re  pa l l ad ium.  No r e l i a b l e  r e s u l t s  were 

o b t a i n e d  f o r  i n d i v i d u a l  e l e c t r o d e s  as  tlie hydrogen r e f e r e n c e  e l e c t r o d e  

f a i l e d  r e p e a t e d l y ,  p r o b a b l y  because  it: was a p l a t i n u m  c a t a l y z e d ,  

s i n t e r e d  n i c k e l  e l e c t r o d e  and a hydrogen :;as p r e s s u r c  cou ld  not  be 

n a i n t a i u e d  on  it i n  t h e  p rc scncc  of  thc s i n t e r e d  p a l l a d i u m  c l c c t r o d c .  

3310 -Q- 2 
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6 .  FUTURE PLANS 

T h e  e l e c t r o l y t e  s t o r a g e  cxpc r imcn t s  w i l l  be c o n t i n u e d  throuy,h 

J a n u a r y ,  atid t h e  charge r e t e n t i o n  s t u d i e s  vi11 b e  r u n  c o n c u r r e n t l y .  

The  € i rs t  expe r imen t s  a rc  b e i n g  conducted a t  20 ma/cm , and f u r t h e r  

e x p e r i m e n t s  o n  e l e c t r o l y t e  s t o r a g e  will be done a t  h ighe r  c u r r e n t  

c l c n s i t i e s .  I f  t h e  c e l l  a p p e a r s  t o  be  1 i r i i t c d  t o  r a t h t r  low c u r r e n t  

d e n s i t i e s  i n  thcsc cxperimcnt  s ,  t hen  i i iglicr t empera tu re  c x p e r i n c n t s  

w i  11 bc performed. 

2 

Some expc r imcn t s  t o  d e t e r m i n e  c y c l e  e f E i c i c n c i c s  vi11 complete  tlie 

p r o g r a n .  A few a d d i t i o n a l  e x p e r i m e n t s ,  Iiovcver, vi11 be  conducted 

t o  f i n i s h  t h e  work O C  the f i r s t  phase.  Some s t u d i e s  o f  hydrogen 

s t o r a g e  i n  Rancy nic1;cl w i l l  bc made and a r e d e t e r m i n a t i o n  o f  KOII 

c o n c e n t r a t i o n  dcpcndcncc on c> lec t rode  p o l a r i z a t i o n  w i l l  b e  made. 
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7 .  A P P R O X W T E  MANHOURS AND DOLLAR EXPENDITURES AND COMMITMENTS 
FOR P E R I O D  25 SEPTEMBER - 25 DECEMBER 19b2: 

MANHOURS 

J .  Rowlette, P r o j e c t  Superv isor  

D.  Lee, Chemist 

E .  A v i s ,  Research Chemist  

302 h o u r s  

508 h o u r s  

148 h o u r s  

DOLLAR EXPENDITURES AND COMMITMENTS: $ 1 2 , 9 1 2  
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